Background: Unsafe injection practices are a major public health problem and can lead to the transmission of bloodborne pathogens, including hepatitis B virus (HBV), hepatitis C virus (HCV) and human immunodeficiency virus (HIV). Methods: The present study was conducted to determine the nature and magnitude of unsafe injection practices in healthcare facilities in Hodeidah governorate, Yemen. The study was conducted in two hospitals and a representative sample of the governorate's health centers. A total of 1600 injections were observed in these facilities.
Introduction
Injections are one of the most common medical procedures in the world. The Safe Injection Global Network (SIGN) estimates that approximately 16 worldwide. Many injections are performed unnecessarily when oral medication would be more appropriate. In addition, in settings with limited resources, more than half of all the syringes used for injections are reused without sterilization or high-level disinfection [1] . It is estimated that 39% of injections in developing and transitional countries are unsafe [2] . A safe injection is defined by the World Health Organization (WHO) as one that does not harm the recipient, does not expose the provider to any avoidable risk and does not result in waste that is dangerous to other people [3] . Unsafe injection practices are a major public health problem and can lead to the transmission of bloodborne pathogens. Globally, injections transmit an estimated 21 million hepatitis B virus (HBV), two million hepatitis C virus (HCV) and 260,000 human immunodeficiency virus (HIV) infections each year. These infection rates suggest that injections are overused and are frequently administered unsafely [4] . Furthermore, unsafe injections cause an estimated 1.3 million deaths per year worldwide [5] .
In some countries, the proportion of unsafe injections is as high as 70%. Unsafe injection practices, including the reuse of unsterile needles and syringes in healthcare settings, are responsible for 32% of HBV, 40% of HCV and 5% of HIV infections. These unsafe practices expose patients, healthcare workers (HCWs) and other workers who are required to handle contaminated injection equipment to high-risk situations [6] . In 2002, mathematical modeling was used to predict that the annual numbers of infections due to unsafe injections in Alexandria governorate, Egypt, would be 6422 for HBV, 2741 for HCV and less than one for HIV. Injection providers have also been reported to perform some procedures that exposed them to needlestick injuries (NSIs), such as recapping needles, without serious concern about NSIs. Furthermore, the inconsistent disposal of used needles, which increases the subsequent possibility of exposing the community to the risk of infection, has been observed [7] . Many unsafe practices have been reported in Gharbia governorate, Egypt, including the reuse of syringes and needles (13.2%), improper needle manipulation prior to disposal (41%) and unsafe needle disposal (47.5%) [8] . In total, 66% of HCWs were exposed to NSIs [8] .
In 2003, the risk of transmission of bloodborne infections from an infected patient to a HCW via an NSI was estimated to be 6-30% for HBV, 3% for HCV and 0.3% for HIV, depending on the transmissibility of the pathogen, the immune state of the worker, the severity of the NSI and the availability of post-exposure prophylaxis [9] . The most common causes of NSIs are double-handed recapping and the unsafe collection and disposal of sharps waste [9, 10] . Other causes include the overuse of injections, a lack of supplies, a lack of awareness about the hazards of NSIs, a lack of training and a failure to properly dispose of used needles in a puncture-proof sharps disposal container [9, 10] .
No comprehensive studies about injection practices in Yemen have been published. Unsafe injection practices are often viewed as a chronic problem with no easy solution [11] . The problem of unsafe injection practices is influenced by a range of structural, economic and sociocultural factors, including the overvaluing of injections by patients and overprescribing by providers [2] .
Subjects and methods
This cross-sectional study was conducted in two hospitals (Al-Thawra and Al-Olofi) and in a representative sample of health centers administered by the Ministry of Health and Population in Hodeidah. The Al-Tahrir main health center and its affiliated branches were randomly selected to represent the urban health centers, and six rural health centers were randomly selected to represent the governorate's rural health centers. All the HCWs who performed injections in the selected healthcare facilities were interviewed. The observational sample size of injection practices was determined using Epi Info TM version 6 (Centers for Disease Control and Prevention [CDC], Atlanta, GA, USA). Under the assumption that the prevalence of unsafe injection practices was 50% [12] , and at a precision of 5% and a confidence level of 95%, the required sample size was determined to be approximately 400 observations. Therefore, a total of 1600 injections were observed: 400 in each hospital, 400 in the urban health centers and 400 in the rural health centers.
The injection procedures performed by the healthcare personnel at the selected facilities were observed to determine the magnitude and types of unsafe injection practices. In the hospitals, the observations were distributed equally among all the inpatient and outpatient departments and the different shifts (morning, afternoon and evening). In the health centers, the distribution of the observations was proportionate to the population covered by each center. All the injections that occurred in the presence of a researcher for data collection at each study setting were included in the study. The HCWs who provided injections in the selected facilities were interviewed to determine the magnitude and types of unsafe injection practices. The data were collected using a structured, predesigned questionnaire for the injection providers and two observation checklists for the researchers: one checklist for the injection procedures and one for the injection practices and disposal methods.
The statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) version 13 (SPSS Inc., Chicago, IL, USA). The data were sorted, coded and computerized, and the descriptive statistics, including frequency distributions and percentages, were calculated. Means and standard deviations (SD) were used for the normally distributed quantitative data. A chi-square test ( 2 ) was used to determine the relationship between two qualitative variables or to detect significant differences between two or more proportions.
Results
Sixty-eight injection providers from the two hospitals and 59 HCWs from the health centers (28 from the urban centers and 31 from the rural centers) participated in the study. The mean ages of the injection providers were 34.16 ± 9.33 years in the hospitals and 32.31 ± 5.83 years in the health centers. The hospital injection providers were 61.8% male and 38.2% female; those in the urban health centers were 14.3% male and 85.7% female, and those in the rural health centers were 61.1% male and 38.7% female. In the hospitals, a large majority of the HCWs who performed injections were nurses (92.6%), whereas in the urban health centers, the providers were divided between nurses (57.1%) and midwives (42.9%). In the rural health centers, the HCWs performing injections were nurses (83.9%) and medical assistants (16.1%) ( Table 1) .
More than one-quarter (30.9%) of the injection providers in the hospitals had at least 15 years of experience, with a similar percentage in the health centers (33.9%). The injection providers in the hospitals had a mean of 11.81 ± 8.71 years of experience, compared to 11.86 ± 6.07 years of experience among the health center providers. The mean years of experience of the injection providers working in the urban health centers (13.46 ± 4.94 years) was greater compared to those working in the rural health centers (10.42 ± 6.69 years); however, the difference between the two groups was not statistically significant (P > 0.05).
Training courses on issues relevant to needle sterilization, injection equipment disposal and infection control had been attended by more health center injection providers (35.6%) than hospital providers (23.5%). In addition, 83.8% of the HCWs providing injections in the hospitals reported that they had been pricked by a used needle during work compared to 71.2% in the health centers (96.4% in the urban centers and 48.4% in the rural centers). Regarding their actions following NSIs, 92.6% of the affected hospital injection providers and 83.1% of those in the health centers indicated that they had only disinfected the NSI site. Only 2.9% of the injection providers in the hospitals indicated that no actions were taken, compared to 16.9% in the health centers. The remainder of the affected injection providers (4.5%) indicated that they had pressed on the wound to remove the blood, covered the wound and taken antitetanic serum and antibiotics. Only 4.4% and 1.7% of the injection providers in the hospitals and health centers, respectively, reused disposable syringes and needles for the same patient. The main reason for reuse was shortages in the supply of disposable syringes and needles. Methods of disposal reported by the injection providers included disposal in a regular waste basket after recapping the needle, disposal in a carton box after bending the needle, disposal in a sharps disposal container and disposal in a regular waste basket (Table 2 ). In the hospitals, 80.9% of the injection providers stated that they recapped and disposed of needles in regular waste baskets, compared to 40.7% of those in the health centers. Only 4.4% of the injection providers in the hospitals disposed of used syringes and needles in regular waste baskets, compared to 10.2% in the health centers. There was a significant (P < 0.001) difference between the two health centers. A comparison of the urban and rural health centers revealed that 64.3% of the injection providers in the urban centers disposed of syringes and needles in sharps disposal containers, compared to 35.5% of those in the rural centers (Fig. 1) . In the rural health centers, 54.8% of the injection providers disposed of syringes and needles in regular waste baskets after recapping the needles, which was not significantly different (P > 0.05) from those in the urban health centers. Regarding the final disposal of used syringes and needles, they were collected from regular waste baskets, transferred to refuse bags and incinerated with other types of public waste. When asked about the availability of sharps disposal containers, the injection providers in the hospitals reported that they had no sharps disposal containers; however, approximately half of the health center injection providers (52.5%) reported having sharps disposal containers. After the sharps disposal containers were filled, all the injection providers sent the boxes to be incinerated with the other waste from their facilities. Our study revealed that the syringes were removed from sterile packs and that the needles were sealed before use in 98.8% and 99% of the observations in the hospitals and health centers, respectively (Tables 3 and 4 ). The same percentages observed that medicines were reconstituted using sterile syringes and needles. In 95.8% of the observations in the hospitals, the syringes were filled with a single dose, compared to 98.7% in the health centers. The syringes were filled while the patient waited in 91.2% and 90.1% of the observations in the hospitals and health centers, respectively, and the correct injection site was used in 99% of the observations in both types of facilities. In 96.4% of the observations in the hospitals, the needle was not touched before the injection, compared to 89.2% in the health centers. Tables 3 and 4 show that the needle was recapped after use in 61.1% and 36.8% of the observations in the hospitals and health centers, respectively. The needle was broken after use in 9.8% of the hospital observations, compared to 8.6% of the health center observations. The needle was not recapped after use in 76.7% of the observations in the urban health centers, compared to 51% in the rural health centers. Additionally, the needle was not broken after use in 94.9% of the observations in the urban health centers, compared to 88.1% in the rural health centers.
In the hospitals studied, used syringes and needles were disposed of in regular waste baskets and then placed in refuse bags for incineration with other types of hospital waste (Table 3 ). In the health centers, a sharps disposal container was used for disposal in approximately half of the observations (50.8%). The syringes and needles were placed in regular waste baskets in 47.5% of the observations. Table 4 shows that syringes and needles were disposed of in sharps disposal containers in 71.4% of the observations in the urban health centers, compared to only 32.3% in the rural health centers. The opposite was true for disposal in regular waste baskets, which was more common in the rural health centers (64.5%) compared to the urban health centers (28.6%).
Vaccination sessions were observed in all studied urban and rural health centers. The reconstitution of vaccine vials was observed to occur at the beginning of the sessions, and the reconstituted vials with the remaining doses were discarded at the end of the sessions. Disposable syringes and needles were used but were not stored for reuse. Equal numbers of syringes and needles were used in the vaccination sessions, and they were available in sufficient numbers. Sharps disposal containers were available and were used in all the urban health centers, compared to 66.7% of the rural health centers. The remaining one-third (33.3%) of the rural health centers disposed of syringes and needles in regular waste baskets. Syringes and needles were never removed from the sharps disposal containers prior to final disposal. All the sharps disposal containers were incinerated with the other waste from the facilities.
Discussion
Injection practices in developing countries are often unsafe. The advent of disposable syringes in the mid-20th century was expected to overcome the problem of inadequate sterilization practices, especially in developing countries. Nonetheless, the reuse of needles poses grave health consequences [13] [14] [15] . HBV, HCV and HIV infections via contaminated injection equipment have been reported by various researchers throughout the world [16] [17] [18] . It is estimated that unsafe injections cause 260,000 HIV infections, more than 21.7 million HBV infections and 2 million HCV infections every year [4] . Billions of injections, many of which are unsafe, are performed each year in developing countries [15] . As such, unsafe injections are a major public health problem in many areas of the developing world. The high prevalence of certain bloodborne diseases [19] , the enormous popularity of injections and the overuse of injectable therapy each play a role in the exacerbation of this issue [5] . Previous studies have reported many dangerous practices, such as recapping needles, reusing syringes for successive injections after changing needles and reusing single-use disposable equipment without the proper disinfection. It has been postulated that these unsatisfactory practices may be due to a lack of awareness about the importance of infection control and safe health practices despite the adequacy of the knowledge and training of the HCWs who provide injections [20] . A study conducted in Saudi Arabia revealed that the total rate of percutaneous injuries (PIs) per 1000 HCWs was significantly lower in a post-intervention period than in a pre-intervention period. The rate of PIs among nurses and housekeepers also decreased significantly. Furthermore, the PIs associated with devices, PIs occurring during disassembly and PIs from inappropriately discarded devices showed significant decreases [21] .
In the healthcare facilities studied in this work, disposable syringes and needles were reused by 4.4% of the injection providers in the hospitals and 1.7% in the health centers, although the reuse only occurred during multiple injections of the same patient. Another study performed in Gharbia governorate showed that 13.2% of HCWs reused syringes and needles [8] . In Africa, 15% of injection providers have been reported to reuse syringes and needles. Reuse has been attributed to a lack of knowledge among HCWs about the risk of bloodborne pathogens, shortages in the supply of disposable syringes and needles and the improper disposal of sharps [22] .
In the current study, more than three-quarters of HCWs who performed injections reported a history of accidental NSIs during work in the previous year. The high number of reported NSIs was attributed to either the unavailability or an inadequate supply of sharps disposal containers and to two-handed recapping. In Burkina Faso, 44% of providers in health facilities recapped used needles using a double-handed technique [23] . In the Dominican Republic, 22.3% of HCWs reported one or more NSIs during the previous year [24] . Studies in Mongolia and Cambodia have also reported that more than one-half of injection providers experienced NSIs during the previous year [25, 26] . Approximately 70% of injection providers were pricked by a used needle at work during the previous three months in Gharbia, Egypt, and during the previous six months in Senegal [8, 27] . In contrast, as few as 28% of injection providers pricked their fingers during work in the previous six months in Swaziland [28] . In Saudi Arabia, nurses experienced more PIs than physicians. The majority of PIs occurred in patient wards (50.6%) and operating rooms (34.1%), and disposable syringes were the most frequently involved devices [29] .
In the current study, approximately 20% of the injection providers in the healthcare facilities took no action when accidently injured by a used needle, whereas the vast majority disinfected the site of injury with alcohol. A study conducted in Alexandria, Egypt, revealed that after being pricked by a used needle, 94.6% of injection providers disinfected the site of the prick [7] . In 2004, WHO recommended that the site of injury should be allowed to bleed briefly and then should immediately be washed thoroughly with running water and antiseptic solution [30] .
The use of disposable syringes necessitates a proper disposal system [28] . In the two main hospitals of Hodeidah, sharps disposal containers were not available in all the departments. This shortcoming presents a significant problem because these hospitals are the only two government-run hospitals in the governorate, and they serve the entire population. In these hospitals, more than three-quarters of the injection providers reported the disposal of injection materials into regular waste baskets (open containers). In the urban and rural health centers, sharps disposal containers were available, albeit not in sufficient numbers.
Research in the Dominican Republic has indicated that used syringes and needles were discarded in puncture-proof containers, but not in sharps disposal containers [31] . However, the data from the current study differ from the findings of studies in China and Cambodia, where 36% and 25% of the studied injection providers, respectively, discarded used syringes and needles in sharps disposal containers [28, 32] . In Oman, sharps disposal containers were available and sufficient in all the studied health facilities [33] .
The current study revealed that the final disposal consisted of empting the regular waste baskets together with the sharps disposal containers into larger containers, if available, followed by transportation in refuse disposal cars out of the city for incineration with other types of medical waste in a deep rubbish pit. In Burkina Faso, 83% of injection providers disposed of used syringes and needles in open containers [23] . A study conducted in the Mwanza region of Tanzania revealed that the discarded syringes and needles from most healthcare facilities were disposed of in rubbish pits that were so shallow, used syringes could be easily retrieved from them. Additionally, some health facilities disposed of syringes in latrines [34, 35] . In Alexandria, it was reported that the final disposal of used needles occurred by incineration [7] . In Swaziland, 70% of injection providers reported that the final disposal of sharps disposal containers and other boxes was by incineration; 30% of the providers reported that they buried the containers or placed them in a pit latrine [27] .
Regarding injection procedures, the current study showed that in 99% of the observations, the syringes were removed from sterile packs, the needles were sealed before use, a sterile syringe was used for reconstituting injectable material, and syringes were filled while the patient waited. Similar findings have been reported in Alexandria [7] , Burkina Faso [23] and Swaziland [27] . Alternatively, only 59% of injection providers in Pakistan were observed removing syringes and needles from sterile packs [36] . The current study also showed that the needle was not touched prior to an injection in almost 92.6% of the observations in healthcare facilities. Two studies in Gharbia and Alexandria revealed that needles were not touched prior to injections in 89.9% and 96.4% of observations, respectively [7, 8] .
Concerning the recapping of used needles, which is one of the most common unsafe injection practices, injection providers in healthcare facilities do commonly recap used needles. The current study revealed that recapping occurred in 61.1% of the observations in the hospitals and in 36.8% of the observations in the health centers. In Alexandria, the recapping of used needles has been noted in 46.7% of observations in hospitals and in 30.3% of observations in ambulatory healthcare facilities [7] . Used needles were recapped by 28.2% of the injection providers in Oman [33] , approximately 40% in India [26] , 59.3% in Pakistan [26] , 30% in China and 31% in Swaziland [27, 37] . The current study revealed that most injection providers who recapped needles used two-handed recapping. This result may be attributable to a lack of knowledge about the dangers of this method and a lack of training in injection safety. In Mongolia, recapping using the two-handed technique has been observed in 68% of injection providers [25] . The current study showed that used needles were broken in approximately 10% of observations, compared to 0.4% in Gharbia [8] .
All the observed procedures in the vaccination sessions in the urban and rural health centers avoided the potential dangers under study. The disposable syringes and needles used in the vaccination sessions were disposed of in a manner that did not cause danger to the health workers or to the public, i.e., they were placed in sharps disposal containers. These findings were similar to those of a study conducted in Alexandria, in which the vaccination sessions and the disposal of the syringes and needles were devoid of hazards [7] .
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